ISP203A — Global Change
Feedback Loops X

Part 2: Group Work
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Make sure everyone in your group understands these terms before moving on.
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3. On the diagram below, show how an‘ increase in

temperature can affect water vapor

in the atmosphere, leading to a negative feedback to temperature.
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4, On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
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Questions :
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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C. How might cloud cover produce a positive feedback?
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resulf in a
negative or positive feedback loop? Explain your response.
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On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START
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snowmelt
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Increased
net radiation

Decreased increased
albedo evaporation

Increased
scrub
growth

More
summer
clouds

Decreased
net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from
equiiibrium.
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ISP203A — Global Change
Feedback Loops - s o
Objectives sl
Upon completion of this actim you will be able to:
o ldentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.
2. A system is in equilibrium when en in the stem is balanced.
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3. Matter moves and changes fo retum a system equr |b

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these termg before moving on.
1. Positive feedback: omnae Couber Eathan h%r{h@rme mal Chmg,e,

2. Negative feedback: W ke ChageceOurS, System reacts=tmave] bacle f2 wad egtidlibniy
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3. On the diagram below, show how an' increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
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Questions
A. Why is cloud cov rconsudereda ative feedback loop in a w ing climate?
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Albedo:

On Earth, water and scil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun'’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D.If global warmlng causes the loss of glamers and ice sheets, would this resultin a
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle. .

START

Earlier
snowmelt

A

>

o Less sea Ice

increased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

E. Pid?l% negative feedback toop and explain how{;;jigs the system closer /j;.)

equilibrium. )
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other sfudents’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

(}so[mg

Rainforest
Cutting down large portions of the forests on Earth kills living ptants that remove CO2
from the atmosphere through respiration.
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Permafrost :
Melting of permafrost will release methane gas, a greenhouse gas.
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Objectives A

Upon completion of this activity, you will be able to: 4 L{ ,

« ldentify positive and negative feedback systems 2bg qO_-
~* Describe how feedback systems impact global climate change 1 2722 Co
Causal Principles A Y23 /3¢ -

1. Gravitational energy, thermal ene'rgy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes fo return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: I J/\(UA ’{fh& o Caiiged e U:ﬁ ,{/1/\-&

2. Negative feedback: 74 L‘/{"W/WM«J’ aiged. e OPFO35—E-€
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3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, ieading io a-negative feedback to temperature.
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.
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D.=f global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Expiain your response.
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b} label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

Earlier

> Less sea ice

A

snowmelt

increased
net radiation

Increased
scrub
grawth

Increased
evaporation

Decreased
albedo

Decreased
summer

clouds

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium. :
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

¢ Identify positive and negative feedback systems
* Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedbackbw/n_l (M/VICV\ was (;m Wn/f umm WWWS W
2. Negative feedback: O% W Sﬂm n (fﬂ {\P-WM
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3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
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4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a nsgetive feedback to temperature.
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Questions
A. Why is cloud cover considered a negqgtive feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop? ( W‘{ -
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C. How might cloud cover produce a positive feedback?
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On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal

energy. This thermal energy is radiated towards the atmesphere and absorbed by
greenhouse gases.

]
7.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or posmve feedback loop? Explain your response.
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Feedback Loops .

On the diagram below, a) insert arrows to compléte the feedback loops and b} label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START
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> Less sea ice
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E. Pick a negative feedback loop and explain how it brings the system closer to
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ObJETWE S Dromy =2 s
Upon cowmw you will be able to:
Nhositive adnegative feedback systems

+ Describe how feedback systems impact giobal climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On'the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature incréase and permafrost.
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Feedback Loops

Part 2: Group Work . B A G
Make sure everyone in your group understands these terms before moving on. 1803028
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3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negedse feedback to ttmperature. '
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4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature. :
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop? Cimate
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Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it fo
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’'s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D .#If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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Feedback Loops A

On the diagram below, a) insert arrows to E‘.%mplete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go {o a single
circle.

o

START

Earlier
snowmelt

E

Less sea ice

v

increased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

More
summer
clouds

Decreased ¢ Ué@ﬁf' '

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. WM'V\@ WOSPLLVQ-—? _
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

« |dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, tabel the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: Tt Fenee MA C"OVM\/ Joviess \n 5},571 £l € Fo
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2. Negative feedback:
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3. On the diagram below, show how an' increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
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4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
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Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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C. How might cloud cover produce a positive feedback?
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy.. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of |less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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On the diagram below, a) insert arrows to ébmpiéte the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier

4

> less seaice
snowmelt

Ingreased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

Decreased

summer
clouds

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

 |dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles .
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes fo return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback: Cfrt-’rw}t Conies Temetin 1o dvedirv e D Tepmen | g,;;m.—j;__
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3. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, Ieadmg to a negative feedback to temperature.
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4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a négétﬂfe feedback to tem erature.
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ISP203A — Global Change

Feedback Loops 7 i

Questions
A. Why is cloud cover consudered a negative feedback loop in a warming climate?

Becase t reflecls some of the sa@ Sual
£eorm h\\‘hﬂs ZeXaral \ou}en(:j ’\‘erCrﬂpe(Q

B. Which specific step makes this a negative feedback loop?
less production of infroved fromn clbsedaed
dua L‘tﬁ'\n’r .. "
C. How might cloud cover produce a positive feedback? _
when ¢\ oUdS Koren (e\edseS e
|(\"’b 'U(\C &WQSPW@? warm\ms ‘k‘\’\&
ot enos p\qe(f:_

Albedo:

On Earth, water and soil covered surfaces absorb the Sun'’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. 1f global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change G,
Feedback Loops
On the diagram below, a) insert arrows to complete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

Earlier
snowmelt

. Less sea ice

Increased
net radiation

Increased
scrub
growth

Decreased
albedo /l

\@ss ‘

More
summer
cleuds

Decreased

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. . ev apgmﬁaﬁ
MotL OTNEBPNENC s\ eas Secn — aResTEEERD —
hwﬁvlcj) | lce
—n MNOCE QUMM —) deec. et  —» \ess Ct\TY\Dgp\‘\ezﬂ'
Ciouds Yo d e TN h&d_h(B
F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

A o wekes,
Objectives POt 0, 15
Upon completion of this activity aeugdiLbe able to: .
+ |dentify positive and negative feedback systéms -
» Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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GROUP #: H’
ISP203A — Global Change

Feedback Loops

5129440

ABQGGSSS2
AHs L5002 o

Student IDs of Members Present:

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback: Cjuses veacthom 0 further e

oNGined Chmqg@ TaR\Ni=1al

2. Negative feedback: (jnqnGe oS couses the O prose
VCSPONSE i yne S\ Stem:

3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature

D‘UZ: \oU\C\S-Q... iNCVE G +em P

v

A gNaporononm

4, On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to ameedback {0 temperature.
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ISP203A — Global Change H i
Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

- Pecause Cloud (over locKs Sunugint
rAGKING  carte sSur€ace Yemnp. dvop -

Ine  +emp iNCYEAsSING N Fhe : '
@\ZC{E’_‘CLS.\\(\?Q) W Mhe esind. eEGI MNY & (it
C. How might cloud cover produce a positive feedback?

when clouds are. formed Gom water vapoy; lieuid
Warer molecules are fovived. Wen bonds are
vpated, envigy (5 veleased, uhich gires oHF heat =

Albedo: ‘o, ncreade.

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back {o space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

thwopudd resulls in less glaciers and 1ce Sheets,
Inexessing g\obﬂ Warming = PoStve feedkacic loop.
Global warming NCrease =-emp ncrease =
derease. in glaawf&]ace = mare Sunlight lthrg
EarthS switace = thevease in nhaved heat—=

Increase, in terud.



ISP203A - Global Change m o
Feedback Loops d

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

> Less sea ice

Increased
net radiation

Increased
scrub
growth

Decreased @
albedo cporation

More
Decreased cummer
net radiation "
clouds

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.




Feedback Loops

ISP203A — Global Change ijop | l
(_.__'_,-—-

Objectives
Upon completion of this activity, you will be able to:

» ldentify positive and negative feedback systems
* Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive ali movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Neqg. Feedbackk €x5 Oriver ging bo S‘i’v—j Lo g Speed lim'
Vo5 feedboctk EXT Dol ey

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: p, CRonGR W0 Yt SAN LABS €Y o Fror Chonges

M Yhe s S .
WWQ‘E,%$W SN bhod Sl compopen N Fhao Susien

2. Negative feedback: ¢ \res .y
CEIPenSR N kg Msx—m%z P c:hw‘ﬂm' SRSy e opposite
410 Sunil brivag. S Thot e soaskemis closer

3. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to a negative feedback to temperature.

W reaehSes

decroded Temp.

AOCEeYed Temg

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negﬁtwe feedback to temperature.
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ISP203A — Global Change

Feedback Loops S:
R

Questions
A. Why is cloud cover considme'd a negative feedback loop in a warming climatg?

Clovds block sunl ef{ech He e bat
e -.s@qLe(TCTh{:\. Hhen cowseﬂ a C&eféitga?i/ Mc{ #sz,

B. Which specific step makes this a negatjve feedback loop?
The Acrease ™ clovds.

C. How might cloud cover produce a positive feedback?

AC there 's. aq Merease W waler a~q6br3 H\i‘g' [qus lo o
increase. . clood @on&}&oa- From W, ek s released ag&rﬁ'ﬁ

e phase change: Moce  heal. cavses e Merease

W
soclace km@em 0, and thed' back Jo an tacrexse in weker
Albedo:mpﬁr Q\Qm« Q\M(JON ST

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. f global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

A (3097{%“-' ?et’étba,clc |0@€, This s becavse 4 310 bal
mqrm?qS @vses Jrh( lo<e 0@6}40\6@ % 4 s}lee][g
ohich efoct Hhe Son's rad dabion. TE e
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Cesoldh ™ wrrming, c@fﬂpluti‘f;j the
Pos\ Ve —ca(&bg:\d@ LG)O G



ISP203A — Global Change
- Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlter

A

. less seaice
snowmelt

Increased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

More
summer
clouds

Decreased

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.



ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

+ [dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

(ToviQLe.

Part 1: Class Work —\—le’ﬁ@? {f

A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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GROUP #: |
ISP203A — Global Change Student IDs of Members Present:
Feedback Loops ) Ad 322U

AL 2BH300
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Part 2: Group Work

Make sure everyone in your group understands Elin%ss&terms before moving on.
1. Positive feedback: & Ch(u O S\J%Kirf\ ﬁfm

(e N Ty PO ¥ %g
g PO ‘ Comn | ng‘i
2. Nege:t‘i_ve feedba;'é:(l(\:g’mﬁ(gj:'@c Y ~ ‘W’\ mm qubq? "“
ac hcxrqx,\ ‘ %“Ch (_l"ﬁ an POt
o’ GWNel Cry W%l_li.
3. On the diagram below, show how an'increasein temperature can affect water vapor
in the at here, leading t ive feedback to t ture.
in the atmosphere, leading oaisrebg%%w% eedbac );)e){emper? ure
RIS S
oV

4. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to a negative feedback to temperature, , -
P g g 7 e ers m:czsumwgn%
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ISP203A — Global Change :
Feedback Loops

Questions _
A. Why is cloud cover considered a negative feedback loop in a warming climate?

LLCOURE The Oriinad SEMPE Ot R OCe0se.
1% N0 NN N COUE. +eMPavatde. W

B. Which specific step makes this a negative feedback loop?
TINOrE JoW Clouds peing formed el o
extvd uniignt 10 pe plotked, 8O 1rore s 1 |

Droguchian B 111l [t Yiom QDSATOG SUnhigind.

C. How might cloud cover produce a positive feedback?

Cloud cover oot produce 0 p@®TIVE peedbnlk
pecOuse Wrien 1ne WaeY INCIE G es porid O er
oENgeY aportied ontrgy 1S YICUT g o enery
1S Fheymal €nerou - wnyda 049 Yeke heot o

Albedo: /1€ QIT0SpNe N

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun'’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

P more 108 Mments e 1S ragre of e eqenyg
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[SP203A — Glcbal Change
Feedback Loops

On the diagram below, a) insert arrows to cdmplete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

Earlier
snowmelt

> Less sea ice

Increased
net radiation

Increased
evaporation

Increased
scrub

Decreased

summer

net radiation
clouds

E. Pick a negative feedback loop and explain how it brings the system closer to

squilibrium. e N CLOUAS 1NaE oM Do ex
JNNONE U Thot rnere 18 ‘(\QP\E?C’(GO%
INSTIEAt CF ooy oed - TV Meany yvnak
T Tnce 1o onn e anourT 08 Yo gl
erevgy (N e “aTmictbinere ROtk ¢
Cguiitonium.

F. Pick a positive feedback loop and explain how it moves the system away from
cauilibrium. 1283 S0, 1C& Hrom AR HErQTUre /T Ie”
SPNENC Neciing icags 40 (83 gukaces fo
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Objectives .
Upon completion of this activity, you will be able to: _ (D Ar %q _
* |dentify positive and negative feedback systems ﬁﬂ( CQ \
¢ Describe how feedback systems impact global climate change

(;:ausal Principles | )D( 46@%2463

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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GROUP #: Y_
ISP203A — Global Change Student IDs of Members Present:

Feedback Loops . AU %245 2

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: . )
0 Change h Hhe sysieim cabses @i  inCHas?

N +nd
2. Nre}gative feed%a%kw .
AN VeIt Caudes tutntkR Hhet (Cabses éss6f +Nhe
Soome _
3. On the diagram below, show how an increase in temperature can affect water vapor
in the aimosphere, leading to a negative feedba%j(o temperature.
il
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4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading {o a e feedback to temperature.
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ISP203A — Global Change
Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
H’ Yﬁﬁeff sonugin

TV OF coin s S =

B. Which specific step makes this a negative feedback loop?

Clouds ¥cfre Hrovan o0,
mort wocte v Yool
U\C\% @V\Q) Conaenses tnTe more Clovels

C. How might cloud cover produce a positive feedback?

MOYE NPy To hetet radtenten

W) Woapw 0a0sINg  HIMP INCNEASC,

Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun'’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

-

D.”If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change p

Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

> Less sea ice

b
Increased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

Decreased
net radiation

summer
clouds

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

- MOrC Wakn vapP LY
_ co0lS 00 OE Us beant haouted

F. Pick a positive feedback loop and explain how it moves the system away from

equilibrium. v
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ISP203A — Global Change
Feedback Loops

TR

B+ N
Objectives A EL
Upon comptetion of thls actwlty you will be able to:

“e::[dentify positive-and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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GROUP #:

ISP203A — Global Change w AP Student IDs of Members Present:
Feedback Loops . 5 } Y N Al 1432575
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Part 2: Group Work T ——
Make sure everyone in your group understands these terms before reesiRgeep:==== ]
1. Positive feedback: ~ . yse Coomvges @vemi hich cawser more of the

Sume & uriat,

2. Negativefeedback:cwﬂ CarvitS gsges Tophiel Cavies an pPPesiic - enT,

3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a aega’t'i‘fé feedback to temperature

Posi=be
CHP *O* o3
%’\"‘ s 91&55‘579‘.(;& f) R

lEnds o inceast Jeme,

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature. /
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ISP203A — Global Change L ‘ :
Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

ClO“f}’ Lav €y %E‘gof’-e‘,; the gy s df:c{c,w:»e?; fn*f-—ff-;pe.rnf‘“‘f@-r

B. Which specific step makes this a negative feedback loop?
Temetrature Hol 5 we fess.

C. How might cloud cover produce a positive feedback?
L gﬂo,"}{b %mh\’tﬁ e lt’fm«bffﬁ &He-fﬁb f‘\ (.».‘:FW\ D( L"E‘Lf—-

. - 4 .
(AL £ indfeases Loy CF S T

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. ‘If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

Pss/! flre Pee,glg, al K 19ap L& pavse Jesg j!mz lerd r{,_\afr,d_
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ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

» Less seaice

increased
net radiation

Increased
scrub
growth

increased
evaporation

Decreased
atbedo

fiyve
- n &6 ~ More
T summer

clouds

Decreased

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
M‘%% CassCs fgqy $24, Sen ;,::.zf but hecnvic fe.ot
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Objectlve§
Upon complétion of thls%ctlwty you will be able to: \

» |dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes io return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work AT BF, 5307
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback: ¢« jyange —hat Carises AL t+her chongt

2. Negative feedback: oy Wnort cantses lc,h@{ge, boclk
Toward “equndibrium

3. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to a negative feedback to temperature.
A 71 e rt‘Flec‘hV\, '
it 4 rq’\?_r_ _ - - -
B,

- 4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a ipfiditve feedback to temperature.
4
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Questions \
A. Why is cloud cover considered a negative feedback loop in a warming climate?
as Surface ‘emperature mc_reoscs more H20 15 eua a+(f'o(‘
out of oceans, Whreh lf\ucasef We amant ol He aP(V ]
ahmosphere, “This Ttreates T mOe cloudsS | wihiich vefrect s:.,m(ah'
and. Cools tThe 20r44) s Yemperature
B. Which specific step makes this a negative feedback loop?

“The increased demperatire Ccoses o checrease 1IN %percn‘
Vs . [ . .

B
i

C. How might cloud cover produce a positive feedback? -
Teh«peraMKe inCreases , which couses more emaportahon,

Wi e couled couse rmo-t C,st %«f&fm u)‘flld’] LDOL:((C{
allew more radiation g ot ~fapped G-ho( re Lo ofe

Albed back Luaich wourld Cautse -emp. —fo increase
edo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. if global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

o me_H‘ U)‘htoh Cj\\){s —“+the Surface \e€55 al bedo 1 Uhich

Couuses the eo To ObSD"ia mo-e rackratien which

™ demp -




ISP203A — Global Change LI

Feedback Loops M

On the diagram below, a) inseft ar?ow‘s o complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

START

T

Less seaice

Earlier

A

snowmelt

Increased
net radiation

Jr

Increased
evaporation

Decreased
albedo

i (tradiation é‘-\ Q;Ency

Increased
scrub
growth

! Decreased

E. Pick a negative feedback loop and explain how it brings {he system closer to
equilibrium.

hore CX"thOS‘oherf c 'l'\ E‘Ci;h

o) couses wethng oF

n\'\{"rgg,;w‘\h"'c;h tnereases mqpofcﬁw'or\ , whaeh coses
more ¢ lowds —o Rorm , wWhrich peflocts Sun I:'gh‘f'
(outsing decvreased net rewolcahon Lohiedh eads

“+o  less brbmospherc V\fa‘f\‘ﬂj

F. Pick a positive feedback loop and explain how it moves the system away from

equilibrium.
more ‘nea‘h'r\j leada o rvore Snow melhing, oy

CoUrASeS (nereased Scnub 3i’w3r+hj which olosorbs
more radiator Hon Svon (n V\G.‘f““'i’txclf'(}"’“r{:r-n) which
CoLASES Mo e Q“Hmo:‘—»ph@w < hea‘{‘mﬂ

4



ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

» ldentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

'Posmve-swemm@ CouseS @n ennonced realtions of
somgrhing else. 7 thange 1N A sustem (Q0seS formen

thonged W Sy Sien gya component (NCreagec

Negoive - i (LV\CU’\QC (" & SYSHEHy Ca0se s
O PPOSHC response N+ SYITUM SOCh

Yt e gystem 15 PLoser 1O epuilin il iy,

Part 1: Class Work

A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

<

>

A
o~
<7 ==
»CVQ P

Pl
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ISP203A - Global Change Student IDs of Members Present:
Feedback Loops . “F\LVZ,( ol 10\3 3

Alloiery

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback:
CIrOnQES TN O SYUSTM Coconedy Lot

T Thae [USToN
2. Negative feedback

. BN COLLNeS @\l@r\*rg ok Coudges VRS

e o
3. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to %me 2edback to temperature
..Q...
T
Tha aj:rwca%@w&

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading 1o a negative feedback to temperature.
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

ectuSEe. el oS Step g_)(ﬂ\\gh{—
oy @6,\(13 yei- L (e Ol Mmie Treaa

OO SPhandt

B. Which specific step makes this a negative feedback loop?

C\ouds  eAlaltting =gt

C. How might cloud cover produce a positive feedback?
by VR trore Loty VORRr
%m\\ja\,ﬁ N The OdmoPhe@ uWniCin Coy,
WP © imreose
Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds refiect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of

the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by

greenhouse gases.
D. If global warming causes the loss of glaciers and ice sheets, would this result in a
n veedback loop? Explain your response.

Onte T gadws St ety
wowldl  gbSorb T T Chowge
N tha %QOE}“? M baCk hig
the oragpua? C 129 Ve P
2 O Cr0ge CO‘{JS‘“’& O\ POSFHve
Javile 508
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On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

Less sea ice

Increased
net radiation

Increased
scrub
grawth

Increased
evaporation

Decreased
albedo

OBve
}ﬂ;%@ SonclS .
é’x summer

clouds

Decreased
net radiation

i

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

o LY Voo
kS LW oo Us koot

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

oS put e Tu Qutmospleiie
2 \nort Gra ot 5@3@& oS
T e N (OnGu-
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ISP203A — Global Change
Feedback Loops

Objectives +

Upon completion of this activity, you will be able to:
» |dentify positive and negative feedback systems
+ Describe how feedback systems impact global climaie change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes 223\ W< €ced\oacie ¢+ cod wa sustmn cansses m
OBV A U Senn, SOMe omEornent WA SUSHena waLeas2s  OVE2All.

: At Eeedinoy GUNeR QoS SRR 2RO A nnov-es beick

Liovwvewzd Auitlogion 2x) ool t-(,mf;’]" —=» S nRa D) —3 ol o/

o Ou(‘(m("\m Weoly oL ogRotbsn ¢

[ <o g\hc__:km (,}.._) egecs \_‘ﬁ;@’@‘)%ﬁﬁo\lg

neptne Hed bacie
suefa Petie s naofe
A SN sunhant out |
Part 1: Class Work

A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive fee_dback: CVNIINGY {1y, N 2 Lol © pwoee ¢ cres Do
weeayt sad funk.

2. Negative feedback:

3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a %ﬂxe feedback to temperature.

vt

- - 10wy \V\Q*@C&WS

‘% Wp\*-s pe@ier tgosk
pelaigost Beleoges
oz # W Thon® asit .
oz s ewe\s o
Osegev\hwv e © ¢

WeOReS  fmp.

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading 1o a negative feedback to temperature.
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
cWOock e DISCES  Sowvwe OX e NS N Sun hont
whniehn Lads 1 ss  inkdoed & aauuisesy  pumpeRoohuge
O 9o dawin,
B. Which specific step makes this a negative feedback loop?

T Btk ek dovds o & blouk \nfeeged Lieht

?\ \DWTRS TnpedatiRe oS it o neeptve fredliziak
C. How m;ght cloud cover produce a positive feedback?

e PEOULWY  of cloudd  pROALGRS NAaRP

Mouchd  whdh  Lads o walesye i
fonnperoivge Wit e al sy NNaze

Rooas o 1 plotucel.
Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

Tt would  reove  a poSiive feeotlares

R IV B N SR S 22 G ¥ PN Utme  woou lf

MoX @y et ek voouled

QLR g olipedc €k B wicch would
wWekeasc ad aten 4 Wcllase Nae YPLRahes
%k .
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Feedback Loops /:
On the diagram below, a) insert arrows to complete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

> Less sea ice

increased
net radiation

Increased
scrub
growth

Decreased
albeda

Increased
evaparation

More
summer
clouds

Decreased
net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. us Tl o @ O)o-eS' ug e \nr\dTé»$Jr
WNCReases  eua RN wiicin  cgeotied  clowels 4

M RorRs  CRMOTON *  Jycoases tenpehRe  allowding,
Anz nERReAVKe o o paok cleld T o
e ot equi LRI,
F. Pick a positive feedback loop and explain how it moves the system away from
ilibrium. .
equiibnium.— un  \oeline ok g nekases naelhing
ol (Lo whnidth A@Reeses  pibhede 4 vncrases  gaduoston
U)V‘\(C\/\ WA Hnag WAV el o) tROAKU@e
VN2 D san agun \ibeiann

4



iISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

* ldentify positive and negative feedback systems
* Describe how feedback systems impact giobal climate ¢

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

>
C/OL Co s

> (ACTEA Se c( WLLW ff ]
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback

k\"f\; 'QI\I'UM ’Jﬁ»@,( Q,'q{j\,“‘“ “'I\ﬂv*‘ QU\‘USM
2, Negatlve?eedb £ CL“’\Q/ ' :
AQT‘\\,Q’%MA- Cauies Q‘Jgﬁ,\\— 1"\&4- Cousy ‘{ [ “g‘}me_, Same

3. On the dlagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.

te  (Cloun's

_»“}
4. On the diagram below, show how an increase in temperature can affeg :: ase*por
in the atmosphere, leading to a negative feedback to temperature. y

5 (3« LTy

0\(

%(’—70\/

L5/
Yt

pithses
CEE e g

Fem it o
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Questions
A. Why i cloud CCEE: con5|dered a negatwe feedback Iool;:én a warmtng climate?

A Se, Sxdml L sece do
"bl\a I VRVACINY “s I3 r -‘: GL i
wh ( ua 5 a u *Hj)m o 3:& ‘f{z Iy ‘Lan

i
CouUses \QSS ) rg\, INULQ Se (L
B. Which specific step makes this a negatlve feedback loop*
The bl ocKing o the cunv cavses the
ovurt | ned i M, ﬁﬂ%/ﬁ«f Wt nlende,
C. How might cloud cover produce a positive feedback?

vﬂ\@; {Jf&i»""‘. hLW s}{‘ g_fwwg" {'}"'?ﬂf’ﬁb ‘;ilz"ue/ C }O UO,( Y -FU;([LM(KX

Cruo\/‘}es Wy o\(um” |r»Ungz, 1 e,f?v-"“ (_Pos"\!!r@

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun'’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

?oﬁ‘-*'“é"' \D—V-Cc,uugb vl ‘\"L{m i \ng fCe, Mmo~e fm.cl_de;om
i ohsorbed Uw-fi *‘“W“g*"f@"‘ Kmfs %,Nsmﬁ,



ISP203A - Global Change g
Feedback Loops :

On the diagram below, a) insert arrows to complete thetfeedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

&

) rosnlf\l@

51
tﬁﬁam & TO\AE’W Fll (8 ﬁh{, (U” UL(JK

Earlier
snowmelt

> Less sea ice

Increased
net radiation

N ;
qﬁs & Decreased Increased
1 albedo evaporation

Increased
scrub
growth

Decreased
net radiation

summer
clouds

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
e wahn Coush.S fess 4na Yo whidh Cor5es

}V\C,rhwé&d Loy r(N‘HuA (,JLICL\ C&U‘SXS i Q(aub’f) L.J//\}:r_/
W dwood, b radidds . elht
CUuU LJ LNy, U v TS o WL““L, (U SeS
s o tmos 5p horie Lud."\ﬂ

F. Pick a positive feedback 1oop and explain how it moves the system away from
equilibrium.



ISP203A - Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

+ Identify positive and negative feedback systems
* Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive aill movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

A
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: _
CHONAEC CAUSES HAThoN Jo furme s TN 0N G Inan anciing

2. Negative feedback: |
Charge OCCU IS, sU st keacts ginainows padetowd g
edUllbrnuim -

3. On the diagram below, show how an- increase in temperature can affect water vapor

in the atmosphere, leading to a negative feedback to temperature.
T S

2 gk @

_./' ]
M 8uas | temperatie
FoV WO S
¢SS

VY v

abIvoed - L ineeQse exaporat ON

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading io a negat'ye feedback to temperature.
pos
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Questions :
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Tenpertdure. T = (QUused Mok £ vaP oraTion unicn
CAWSRS yope cloldS e funm (Lhient CAUECS SUnitgnt to
e blotkect, Wt (U S [eSs 1ight I be gbsoviocd

B. Which specific step makes this a negative feedback loop? (({{15( S A deChease
B 100G OF Sunhgha (N +¢MPCHATUI

C. How might cloud cover produce a positive feedback?

e ClLuSe a4 clodd (Stunmeat and bot/lOLSavc creased .,
U e el S NEdt —— 1 n s Aohnpe oAl -

Albedo: .

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D.If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

POV | e cotlSC TR glacrsacnt vetech 19 e
ight alngmoie © e Fomperatule oS

T VNHOA
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Feedback Loops

On the diagram below, a) insert arrows to comp‘lete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

-
: 3 f-‘-‘ :
e C

- Less sea ice

Earlier
snowmelt

Increased
net radiation

Increased
evaporation

Decreased
albedo

Increased
scrub

Decreased

summer

net radiation clouds

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
MO NeEaE COUSes 10SS 1CE, (GU st MUK Ryva PLr@ Ot CQUKS M0im
miespren

Clondscauses Yess Net radiattn (CUSLS s e
ALat L, BING 1Ng fom peFertul ke pack Townerc i stavied )

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

QN e gnmisenele A Es UP e @ i mMelts, wWen s acecreastd
Albedl, NN anceases Net vadighon et (n 7e L0l

QUL TN G 0P nere o pecorne NOHe Y.
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ISP203A ~ Global Change
Feedback Loops

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth Kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost :
Melting of permafrost will release methane gas, a greenhouse gas.
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Feedback Loops

Objectives

Upon completion of this activity, you will be able to:

* ldentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for

temperature between atmospheric temperature increase and permafrost.
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Part 2: Group Work
Make sure everyone in your group understands these terms before movipg on.

'hUﬂ ¢ 1. Positive feedbacki("/) ’3) 7"/’)6 EQquiItibrivm WIXn € egunlibriy
%mﬁm chaﬂgx n mcm% r changes in The system Slich thg,

o' (ﬂ/ g\dv‘ Qi
2. Negfqve fcecﬂ)q kC]’)gEge OCCU['S ﬂmwﬂm% vCayse §
ANoPPosile eSpopfe, ¥ SiZe of Nanges 9INVG M LS5 jo

3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a neatlve feedback to temperature.

V&“;S—é“in +ne, atmpsphere /|\ norec
will), N ey

| absorbedy/
A evaperakton Trom +he ocean

4. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to an i to temperature.
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Questions
A. Why is cloud cover considered a negative feedback loop in 2 warming climate?

Tem {pcl'dfu re Ineredge eadses Nore evaporafiun ubirch
COULILS more Clgwts 10 1907 whrch COUFeS mory
1Ny Sun ight 1o ke plocked wﬁfdﬂhcqwcg ié(%rg(}c up (
B. Which spetific step makes this a negative feedback loop? /MY Ar &l froma crﬂ*nwp’f o{sf/ﬁa
% ;Vem ffcmp Incréases| cavses events (evap,) -
Ur Cadses 1¢ss 0F 1the same femp [ Jemip T fess)

C. How might cloud cover produce a positive feedback?
Rn (ncredse (h wakre vapor wil ey F0rv? gurd weiter
NUN IS relealtd (hep yow break bonds refens vy
Mat thexfarc NEAfThg Lp the amosphe

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D.If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response. :

S Wauld resuli in neqative feedbeck loop becavse
an bvent Ciuase Intenp) Causes events Lgldcrers and

(e sheets )H0E couses WSS 1R (overage on +1e
sarthls surtace.
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Feedback Loops £

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.
Earlier < '
snowmelt Less sea ice

Increased )
net radiation 4
/ -
Increased Decreased ncreased
. evaporation
Hst reflection
Fapeopbidn

START

scrub albedo”
growth
soarat
o nfrosds
(¢4 wive

More
summaer
clouds

- E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. M()f(’, a“'mOSDhe/“\(’ hmﬁng .‘ CaUSéf
€SS 8ea 10 which cadfes arl1pcreare
N eraporatrer) whrgh cavses 17797¢ Jeim iz
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F. Picls a positive feedback loop and explain how it moves the system away from
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost :
Melting of permafrost will release methane gas, a greenhouse gas.
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ISP203A — Global Change
Feedback Loops

_ Objectives

Upon completion of this activity, you will be able to:
» Identify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

permafyos +
4hows 1



GROUP #:
ISP203A — Global Change tudent IDs of Members Present:
Feedback Loops . ﬁqb&q 2970
AUDESLSSO  AUDRY 933
A291371 449

Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: Chargr i - $Y Stem +that cause s
more of the sarme cha Nge .

2. Negative feedback: ahang,@ (A +ha 5‘1 stermn +hot C%% 3 “
a  Chan il ocfte Avreetin gy R
orrg-mu%' the®opposive 4 ¢
3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.
7‘\‘\9}3&@%4‘;& » I )
)

mare o
ev oporat ﬁo_qoq

a

4. On the diagram below, show how an increase in temperature can affect water vapor

in the atmosphere, leading to a regeiwe feedback to temperature.
paSiHvfe,




E

ISP203A — Global Change ¢~

Feedback Loops % 5

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

when femperature nereages Huwwe 2™ more clouds

that form . 1ha cloudsS blotie more sunlight frop
+he Oﬁ’m.osphmrﬁ. and  reemis [+ m SPG?C-_Q )

B. Which specific step makes this a negative feedback loop?
same al above ansSure r

C. How might cloud cover produce a positive feedback?
whan clouds frm, Lbonds are peon
9 Forrad
whon bondS forml, heat 13 pefgaced. Thus
femeperattulre  jncrease.s o

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D #If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
T+ would be a posifive feed balCl 00p.
Tempevaturt ineftafes whity coMies co
o melt which causes (€88 sSunlight albedo
whith coumges more absorpdion in the
earths surfaco whith dncreaies net radiditan
which Mmareaces the +em pox & Hutre



ISP203A — Global Change
Feedback Loops L
On the diagram below, a) insert arrows t%.c_o,mplete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

Earlier
snowmelt

E

=

> Less sea ice

Increased
net radiation

Increased
scrub

Increased
evaparation

Decreased
summer

clouds

net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

Move hpating Lnoreases evaporatiovi whith
orentesS more clowds ohich blocks sunlight
from bting absarhked oand refects Azat

pactk. to  §pace whith meany (e85 «tmMospherte
heating - " R -

F. Pick a positive feedback loop and explain how it moves the ‘system away from
equilibrium. '

Mo catmMo SPhexie MOL{‘"!)'\Q) caMpes eurifon
snowwult  OohfeoM deercages albedw (reflctnn)
Whidt facreaces  absorptn (shidn pepcases



ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other studenis’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate fo change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost ‘
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

» ]dentify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

o~ WW 8{1&25 %p )

MR ooy Yo PN (vdang L(w\ wilt form mo

Clouds

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

YA <D
L&
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: o @ W\ (o COMSES Q._,rj’bw
- n g “;':,g‘s
S 1 reasts ooboill 25 mzzacfe DU RN S e

2. Negative feedback: \‘gwr X Gun Q_Wlﬁb{ © OC(/UUfs
S RAUS 1, e AL Touwordls [ilofium —= wuses

3. On the diagram below, show how an increase in temperature can affect water vapo OPPC&W

in the atmosphere, leading to a negative feedbackto temperature
i Mh@l’& *@ﬂ [} b{OGF&(Q\w%
by ofs
Vi
v




ISP203A — Global Change  a
Feedback Loops ,

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Glok  dopp \niiteses CANDVY  nlrease I woker vaper

gm&mhm%—ju@ TAR g 0X0) &ﬂvwa»)}"r@?‘e—@&b@ﬂz——lwlw
ATETRTFRE A TmC,Vtiavs:\ﬁ hzia,)ﬂ codde, 31%“903 W hre. )D/Oc//(s
B. Which specific step makes this a negative feedback loop? /n‘ée?ca,h eeif”
the llotkage of Nie sunk g, T e d
hepd Counsed” bl G Inerease Vg Suirfpe,
Cusder Jaror pMakKes if }1%4 Fue Lemp.

C. How might cloud cover produce a positive feedback?
. R v 4.m
ConSLOATATLL) &CLAS Lo A TAST W 4.

O OS PNex<e,

W
S G e by ot

rase < R o in S A s

leedo: 2 /ha/‘fém"@@ 30‘//6‘3‘6

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to X{M/O

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than

absorbing it. During times when Earth's surface is covered with more ice, more of the

Sun’s radiation gets reflected back to space. During times of less ice coverage, more of

the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

Tooiive  Lrofoped loop \eanse \HNQ‘E rFs
on TNCrzase ponedn ttads lo ancHrgse  Increase



ISP203A — Global Change S
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier

S

> Less sea ice

snowmelt

Increased
net radiation

Increased
scrub
growth

Increased
evaporation

Decreased
albedo

More
summer
clouds

Decreased
net radiation

E. Pick a negative feedback loop and explain how it brings the system closer o

equilibrium.
c{u‘fﬂmewfj\ creases <y MOV Loker Vape meve alonets
,%Vjp@l;\ 1> net brelemeeds ~ Clondds (b[od’( sunlght i
=g Sy \oock o eauilibrinm. | Intresse M Jemot p

e C,OM.VH’U EA’& \Q\{ a detreese Yn Wl%

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

wudl Cguer }
Q E‘C&WQ%U PO ELEDS ~ More w;dfr Paper, M Gfesse M g ?;«eemho y

s — Q@@\Mjg W afiesphere SISV loutk o more
Nosorphin of mfrared < e emiHed fo surfoce — cavavyg
TN T dtrfeee 1[€ﬂ/up4, bmf?f,lﬁ Felwnce
Susten Movimg Fooards  Grailibrpum



ISP203A — Global Change {

Feedback Loops

Part 3: Homework

If you compilete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost :
Melting of permafrost will release methane gas, a greenhouse gas.
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you wiil be able to:

» |dentify positive and negative feedback systems
 Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.

L @ meve ﬁ'f‘u‘w\/\w%
R 4545
<]©l> T ?nwc$f1 loump
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| GROUP #: Y

ISP203A ~ Global Change Student IDs of Members Present:
Feedback Loops ) A301a13Y |
A3 30443

Part 2: Group Work

Make sure everyone in your group understands these terms before moving on. 3

1. Positive feedback: ¢}, e e Sl cooshs ot e i e b"lS“
ot ey S0vE (gl o R toneits ogerely

2. Negative feedback: CMVCL 1n  Sgdtm CwsS  oppmsile wtsnit ™ o sySa
G ek fe Sudew (¢ oty o g guilloniom  Opgmemy,

3. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.

‘:é} o e
28Y,

Ve

4. On the diagram below, show how an increase in temperature can affect water vapor
in the aimosphere, leading 10 a Eg@&re feedback to temperature.
P




ISP203A — Global Change x ?

Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

e clood$ rkledd o ac}m\d oA o Spaie
ad (oo —h}b SU(‘KYLU" W?. C\lj\ms‘\u‘),

B. Which specific step makes this a negative feedback loop?

Do gl brawe e neneitd ermypachne lecds
4o Yowsr '\-U""PW?»‘Y'M.

C. How might cloud cover produce a positive feedback?
W Cue e Cacked bomdy o tretd
W,lo,w,\hgj ek renryoy

Albedo: :

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun'’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D.~If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

I Cedtlpen e fp Yoo O quanl <
e tion



ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

Earlier
snowmelt

Less seaice

¥

increased
net radiation

Decreased Increased
albedo evaporation

Increased
scrub

More
summer
clouds

Decreased

net radiation

posant
E. Pick a megate feedback loop and explain how it brings the system closer to

/{a\qiilibzi:cmve.;%(l b Lw’nm) lede b lss e e,

(6 t@ ertuxd e cibedo whtth  thaecddS et
vidiehv, Tw (ede  wot  chmospenc b\&(’f‘l\ﬂ(ﬁ,

A -
F. Pick a p@3ttime feedback loop and explain how it moves the system away from

equilibrium. d
fo fw chrosphe e b et he Se o which lecds

pod :
YD \V\Cvtogkd ‘LQ(«()O,{(_!(WV\, kld‘d\*‘b \7) ot el 1O _T\'\\
beds Vg (g chroghenc \f‘“’ﬂ“ﬁ).
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

+ |dentify positive and negative feedback systems
+ Describe how feedback systems impact global climate change

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
A. On the diagram, label the steps that illustrate the positive feedback loop for
temperature between atmospheric temperature increase and permafrost.
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ISP203A — Global Change Student IDs of Members Present:
Feedback Loops . A351197733 '
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: A C‘(\Qh&e’ in the system Caucl'n3 Furthee changes (n fhe
9‘33’“’:"‘- S'-\d'\ -H'\q'l- S0 me r_omPOﬂGA“' e "r\\q, SSS*QM ;ﬂcr‘u!'!.}' ouzm“,

2. Negative feedback: A aua FRRTN oxs%s\—cw\ CAuSIAg G n ogeo‘;?*t response in the
F‘J,\ﬂm 'h') Pe,“uff\ Yo tﬁU|\;‘o¢"—UW\‘ J

3. On the diagram below, ghow hdw an‘ increase in temperature can affect water vapor
in the atmosphere, leading to a negative feedback to temperature.

o
- -

; »
Xmgrg cloud ‘:Ormo\“g,.\v} blocks PPARY ﬁ'-‘\\&s

rante pooker .
Jopor 1 atmesphere Cool P\C)

4. On the diagram below, show how an increase in temperature can affect water vapor
in the atmosphere, leading to a~kegative feedback to temperaiure.
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ISP203A — Global Change
Feedback Loops

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Clowd “Coyer blochs +he Suns fays I-}-o.-... hl"{"H(:j the -Eari-hk s’ufPAca,
® be converted To TR,

B. Which specific step makes this a negative feedback loop? )
The ceduction of TR myy  from the <boud ceflect ng.

C. How might cloud cover produce a positive feedback?
Pr‘OdLch'r‘\j o Cloud ‘Fa(‘ms looh&sj r‘e,\e_qs:ﬁj c,ne.ra\j‘

rd
-

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. 'If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

Posihve . Clobal UJGFm;fB would melt glaciers £ice Sheets  CAUSIVG
Mote surface arem b absord Fhe sun's radabion  CAUSING

Mere '_‘r}\lgr‘rv'\a\ ey bo‘ns Cenverted  CAUSTAG

NOcL warm‘r\%.



ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier
snowmelt

— > Less sea ice
Fand( =2 T

@ <2

Ingreased

netradiatign ( @)

Increased
scruby

Increased
evaporation

Decreased

_albedo
chnses
IR

More
summer
clouds

Decreased
net radiation

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium. .
inC heat = less sea e =3 ¢ QU —H rnoft cloudg =3 dec radiation

;(aac.ec\ out an increost in heat el Sucloce e, This ice used fo a‘»'f*edlj tePlec o
sunlight | et conveckia . The melbed Sucace Converts the Sunlght
o IR‘ 3,_;!;\.&,\3 -\‘r.“)‘)qé L:) jreo,n\f\oud( ngc,_s )\'\wﬁng ‘H’\L Earth.

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you ghay work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why. .
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost :
Melting of permafrost will release methane gas, a greenhouse gas.





